FS.20111US0A PATENT 
MALFUNCTION DIAGNOSIS SYSTEM FOR ENGINE 
PRIORITY INFORMATION 
[0001] This application is based on and claims priority to Japanese Patent 
Application No. 2002-192105 filed July 1, 2002, the entire contents of which is hereby 
expressly incorporated by reference. 

BACKGROUND OF THE INVENTIONS 

Field of the Invention 

[0002] The present application relates to engine diagnostics and, in particular 
to an improved apparatus and method for clearly identifying and diagnosing various 
engine faults. 
Related Art 

[0003] Internal combustion engines are commonly used to power boats and 
other watercraft. For example, outboard motors typically include an internal combustion 
engine that is surrounded by a protective cowling. The internal combustion engine drives 
a propulsion device such as, for example, a propeller. Internal combustion engines are 
used to power personal watercraft and larger boats as well. 

[0004] As with other types of engines, the diagnostic systems of marine 
engines indicate malfunctions through diagnostic codes, which are displayed through a 
pattern of lights. However, as the number of sensors in engines has increased, the 
diagnostic codes have become more complicated and difficult to understand. Moreover, 
as engines become more sophisticated and complicated, many engine technicians require 
additional assistance to diagnose engine malfunctions. 

SUMMARY OF THE INVENTION 

[0005] One aspect of at least one of the inventions disclosed herein includes 
the realization that diagnostic systems that record engine data can be improved by 
displaying information indicative of a fault in a manner so as to distinguish the data 
indicative of the fault from data that does not indicate a fault. For example, many known 
to diagnostic systems that record of data from sensors generated during operation of the 
engine can list the recorded data in a simple table form. However, when the data is 
displayed in this manner, additional effort is required for the repairperson to identify the 
data that is indicative of a fault. 
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[0006] Thus, in accordance with another aspect of at least one of the 
inventions disclosed herein, a method is provided for diagnosing a malfunction in an 
internal combustion engine including an electronic control unit and a memory storage 
device. The method comprises collecting operational data from one or more engine 
sensors connected to the electronic control unit, comparing the operational data with 
predetermined data, and determining if the operational data indicates a fault. The method 
also includes storing the operational data in the memory storage device, retrieving the 
operational data from the memory storage device with a computer that is operatively 
connected to the electronic control unit, and displaying a chosen set of operational data 
and out of range data on a display such that the data indicating a fault is distinguished 
from the operation data that does not indicate a fault. 

[0007] In accordance with a further aspect of at least one of the inventions 
disclosed herein, a diagnostic system is provided for aiding a technician or engineer in 
diagnosing engine faults in a mechanism that comprises an engine. The diagnostic system 
comprises an electronic control unit operatively coupled to a data storage device and to 
one or more engine sensors. The electronic control unit is configured to collect 
operational data from the one or more engine sensors, compare the collected operational 
data with predetermined data to determine if the operational data indicates a fault, and to 
store the collected operational data and the data indicating a fault in the data storage 
device. The diagnosing system also includes an internal system within the electronic 
control unit with a computer processor operatively coupled to a memory, an interface 
device and an external system with a display. The internal system comprises a computer 
program stored in the memory and configured to retrieve operational data and the data 
indicating a fault from the data storage device. The computer program is further 
configured to display the operational data collected from the engine sensors and the data 
indicating a fault through the interface device on the display such that the data indicating 
a fault is distinguished from data that does not indicate a fault. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] These and other features of the invention will now be described with 
reference to the drawings of the preferred embodiments, which are intended to illustrate 
and not to limit the invention, and in which: 

[0009] Figure 1 is a partially schematic, top plan view of an outboard motor 
having certain features and advantages according to the present invention. The upper 
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portion of this view schematically shows the fuel supply system of the outboard motor. 
Both the engine and the fuel supply system are connected to an ECU, which is depicted in 
the lower left hand portion of the view. 

[0010] Figure 2 is a schematic view of a diagnostic system that can be used 
with the outboard motor of Figure 1 . The diagnostic system includes the ECU of Figure 1 
and a computer with a display; 

[0011] Figure 3 is a flow diagram of a control routine that can be used be used 
with the ECU of Figure 1 to determine a fuel pressure fault; 

[0012] Figure 4 is a flow diagram of a control routine that can be used with the 
ECU of Figure 1 to determine if an engine temperature is too high; 

[0013] Figure 5 is a flow diagram of a control routine that can be used with the 
ECU of Figure 1 to determine a maximum engine speed; 

[0014] Figure 6 is a flow diagram of a control routine that can be used with the 
ECU of Figure 1 to determine a low fuel pressure condition; 

[0015] Figure 7 is a flow diagram of a control routine that can be used with the 
ECU of Figure 1 to determine an over-rev engine speed condition; 

[0016] Figure 8 is a flow diagram of a control routine that can be used with the 
ECU of Figure 1 to determine an engine overheat condition; 

[0017] Figure 9 is a graph illustrating how the ECU of Figure 1 can diagnose a 
fuel pressure fault during operation of an engine; 

[0018] Figure 10 is graph illustrating another example of how the ECU of 
Figure 1 can diagnose a fuel pressure fault of an engine; 

[0019] Figure 1 1 is a graph illustrating how the ECU of Figure 1 can diagnose 
an engine over-rev fault; 

[0020] Figure 12 is a graph illustrating another example of how the ECU of 
Figure 1 can diagnose an engine over-rev fault; 

[0021] Figure 13 is a graph illustrating how the ECU of Figure 1 can use 
engine speed to begin diagnosing a fuel pressure fault; 

[0022] Figure 14 is a graph illustrating another example of how the ECU of 
Figure 1 can diagnose an engine over-rev fault; 

[0023] Figure 1 5 is a graph illustrating how the ECU of Figure 1 can diagnose 
an engine operating temp fault; 
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[0024] Figure 1 6 is table of data that can be displayed on the display screen of 
Figure 2; 

[0025] Figure 17 is another table of data that can be displayed on the display 
screen of Figure 2; 

[0026] Figure 1 8 is a table of data with various menus that can be displayed on 
the display screen of Figure 2. 

DETAILED DES CRIPTION OF THE PREFERRED EMBODIMENTS 

OF THE INVENTIONS 
[0027] With initial reference to Figure 1 , an outboard motor 1 0 with an engine 
diagnostic system having certain features, aspects and advantages of the inventions 
disclosed herein is described below. The engine diagnostic system is described in 
conjunction with an outboard motor to provide an environment in which the inventions 
may be employed. Although the present inventions have particular applicability to an 
outboard motor, it is anticipated that the engine diagnostic system can have utility in other 
environments of use. In particular, the present inventions may also find utility in 
applications where the engine is compact, used in remote locations, or both. Such 
applications might include, without limitation, engines in personal watercrafts, small jet 
boats, and off-road vehicles. 

[0028] As shown in Figure 1, the outboard motor 10 includes an engine 12. 
The illustrated engine 12 operates on a two cycle combustion principle. 

[0029] The engine 12 has a cylinder block 14 that, in the illustrated 
embodiment, defines six cylinder bores (not shown). A corresponding number of pistons 
(not shown) are slidably supported in the cylinder bores for reciprocal movement. 

[0030] The illustrated cylinder block 14 defines two cylinder banks, each of 
which has three cylinder bores. The cylinder banks are disposed at an angle to each other. 
As such, the illustrated engine 12 is a V6 type engine 12 (i.e., v-type, six cylinder). 
However, it should be appreciated that the features and advantages of the present 
inventions can be achieved utilizing an engine with different cylinder configurations (e.g., 
in-line, W, or opposed), a different number of cylinders (e.g., four) and/or a different 
principle of operation (e.g., four-cycle, rotary, or diesel principles). 

[0031] A cylinder head assembly 1 8 is affixed to one end of the cylinder block 
14 so as to close the cylinder bores. The cylinder head assembly 18, the cylinder bores 
and the pistons form the combustion chambers (not shown) of the engine 12. The other 



end of the cylinder block 14 is closed with a crankcase member 20, which defines a 
crankcase chamber (not shown). 

[0032] A crankshaft 22 rotates in the crankcase chamber. The crankshaft 22 is 
connected to the pistons by connecting rods (not shown) and rotates with the reciprocal 
movement of the pistons. As is typical with two cycle crankcase compression engines, 
the portions of the crankcase chamber associated with each of the cylinder bores are 
sealed from each other. 

[0033] The crankshaft 22 is also coupled to a driveshaft (not shown) that 
depends into and is journaled within a driveshaft housing lower unit assembly (not 
shown) of the outboard motor 10. As is typical in outboard motors, the engine 12 is 
arranged such that the crankshaft 22 and the drive shaft rotate about a vertically extending 
axis. 

[0034] The driveshaft drives a propulsion device (not shown) such as, a 
propeller or jet pump, through a suitable transmission. The propulsion device is 
selectively driven in forward and reversed directions through a bevel gear reversing 
transmission (not shown). Since these components are well known in the art, further 
description of them is not necessary to permit those skilled in the art to practice the 
inventions disclosed herein. 

[0035] An air induction system, which is indicated generally by the reference 
numeral 26, supplies an air charge to the crankcase chamber. The induction system 26 
includes an air inlet device 28 that may include a silencer (not shown). The air inlet 
device 28 draws air from within a protective cowling (not shown) that surrounds and 
protects the engine 12. The protective cowling includes an inlet opening so that air can be 
drawn in from the surrounding atmosphere. 

[0036] A throttle valve 30 is provided that communicates with the intake 
device 28. The throttle valve 30 is controlled in any suitable manner. Each intake 
manifold runner 32 is associated with a respective cylinder bore and communicates with 
intake ports (not shown) formed in the crankcase member 20. 

[0037] A reed-type check valve 36 is provided in the manifold runner 32 
upstream of the intake port (not shown). The reed-type check valves 36 permit an air 
charge to be drawn into the crankcase chamber when the respective piston is moving 
upwardly in their cylinder bores. As the respective piston moves downwardly, the charge 
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in the crankcase chamber will be compressed and the respective reed type check valve 36 
will close to preclude reverse flow. 

[0038] As is well known in the art of two-cycle engines, each cylinder bore is 
provided with a scavenging system such as a Schnurl type scavenging system. 
Accordingly, the cylinder bore preferably includes a pair of side, main scavenge ports and 
a center, auxiliary scavenge port. Scavenge passages connect the crankcase chamber with 
each of the scavenge ports. As is well known in two cycle practice, the scavenge ports are 
opened and closed by the reciprocation of the pistons in the cylinder bores. 

[0039] Preferably, the main scavenge ports are disposed on opposite sides of 
an exhaust port (not shown) which is diametrically opposite the center auxiliary scavenge 
port. The exhaust ports communicate with exhaust manifolds (not shown) that are formed 
integrally within the engine block 14. 

[0040] The exhaust manifolds terminate in exhaust pipes (not shown) that 
depend into an expansion chamber (not shown) formed in the driveshaft housing and 
lower unit. The expansion chamber communicates with a suitable high speed underwater 
exhaust gas discharge and a low speed above-the-water exhaust gas discharge of any 
known type. The exhaust system employed forms no part of the present invention and 
therefore can be considered conventional. 

[0041] The illustrated engine 12 includes a fuel injection system, which is 
illustrated schematically in the upper portion of Figure 1. It should be appreciated, 
however, that several features and advantages of the present invention can be achieved in 
a carbureted engine, and in engines using types of fuel injection systems other than the 
type illustrated. 

[0042] As is typical with outboard motor practice, the outboard motor 10 is 
supplied with fuel from a main fuel tank (not shown), which is normally mounted within 
the hull of the associated watercraft. A first low pressure pump 42 delivers fuel from the 
main fuel tank to a fuel filter (not shown) that is preferably mounted within the protective 
cowling of the outboard motor 10. 

[0043] The fuel is delivered from the fuel filter to a vapor separator (not 
shown). It should be appreciated that the low pressure fuel pump 42 can be of the type 
that is operated by crankcase pressure variations. These types of pumps are well known 
in this art. The vapor separator includes is mounted at a suitable location within the 
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protective cowling. A valve (not shown) is operated by a float (not shown) and maintains 
a level amount of fuel in the vapor separator. 

[0044] A high pressure pump 56, which is preferably a positive displacement, 
engine driven pump, removes fuel from the vapor separator and delivers high pressure 
fuel to a main fuel manifold 62 through a conduit 64. 

[0045] A fuel pressure sensor 76 is also connected to the main fuel manifold 
62. The fuel pressure sensor 76 provides a fuel pressure signal to an Electronic Control 
Unit ("ECU") 78. The ECU 78 controls the engine systems and aids engine diagnostics, 
as is described in more detail below. 

[0046] The main fuel manifold 62 supplies fuel to a pair of fuel rails 80, which 
are each associated with one of the cylinder banks. The fuel rails 80 supply fuel in a 
known manner to fuel injectors 82, which are mounted in the cylinder head assemblies 18. 
Preferably, the fuel injectors 82 are mounted above the exhaust ports on the exhaust side 
of the engine 12. The injectors 82 spray fuel downwardly toward the heads of the pistons. 

[0047] The fuel injectors 82 are preferably of the solenoid operated type and 
have a solenoid valve which, when opened, controls the discharge of fuel into the 
combustion chambers. The ECU 78 controls the opening and closing of the solenoid 
valves via a control line 81. The ECU 87 also controls the electronic pump 42 through 
control line 83. 

[0048] As is well known in the art, spark plugs 84 are mounted in the cylinder 
head assemblies 18 and have their spark gaps disposed in the cylinder bores. The ECU 78 
through control line 86 fires the spark plugs 84. 

[0049] In addition to controlling timing of firing of the spark plugs 84 and 
initiation and duration of fuel injection by the fuel injectors 82, the ECU 78 preferably 
also controls a lubricating system 90. The lubricating system 90 includes a lubrication 
reservoir (not shown). 

[0050] To lubricate the engine 12, a lubrication pump 92 draws lubricant from 
the reservoir and sprays lubricant through a lubricant supply pipe 94 into the intake 
manifold runner 32. An electromagnetic solenoid valve 96, which is preferably controlled 
by the ECU 78, regulates the amount of lubricant that is supplied to the manifold runner 
32. The ECU 78 controls the solenoid valve 96 through control line 97. Those of skill in 
the art will recognize that the outboard motor 10 can also include forms of direct 
lubrication for delivering lubricant directly to certain components of the engine. 



[0051] The outboard motor 10 also includes various sensors that sense engine 
running conditions, ambient conditions, and/or conditions of the outboard motor 10. As 
is well known in the art, an engine control system can utilize maps and/or indices stored 
within memory 102 of the ECU 78 with reference to the data collected from these various 
sensors 103 to control the engine 10. As is explained in more detail below, various 
sensors can also be used to diagnose problems with the outboard motor. 

[0052] Some of the sensors for engine control and engine diagnostics are 
shown schematically in Figure 1 and are described below. It should be appreciated, 
however, that it is practicable to provide other sensors, such as, for example, but not 
limited to a crankcase pressure sensor, an engine height sensor, a trim angle sensor, a 
knock sensor, a neutral sensor, a watercraft pitch sensor, a shift position sensor, and an 
atmospheric temperature sensor that can be used in accordance with various control or the 
diagnostic strategies described below. 

[0053] With reference to Figure 2, a crankshaft angle sensor 104 defines a 
pulse generator that produces pulses as the crankshaft 22 rotates. The pulses are sent to 
the ECU and can indicate crankshaft angle and/or speed. 

[0054] There is also provided an intake air temperature sensor 106 that senses 
the air temperature in the intake manifold 32, a throttle position sensor 108 that 
communicates with the throttle 30 and senses the position of the throttle valve 30, and an 
engine temperature sensor 109. A thermo-switch 112 provides a signal to the ECU 78 
when the engine 12 reaches a predetermined temperature. This predetermined 
temperature can define a temperature when the engine begins to overheat. 

[0055] An atmospheric pressure sensor 113 provides a signal to the ECU 78 to 
help determine the amount a fuel that can be injected to combine with the inducted air to 
form a proper air/fuel mixture. A battery voltage signal allows the ECU 78 to monitor 
and ensure a proper operating voltage to power all systems on the watercraft. 

[0056] The outboard motor also preferably includes an air/fuel ratio sensor 
110 that communicates with the combustion chambers or exhaust port of at least one of 
the combustion cylinders. Preferably, the air/fuel ratio sensor 110 utilizes an oxygen 
sensor (not shown); however, other types of sensors maybe employed. 

[0057] All the sensors mentioned above are connected to and communicate 
with the ECU 78 to provide accurate signals for proper operation as well as provide 
information to aid in proper diagnostics of the engine control system 
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[0058] A diagnostic system 116 for the illustrated outboard motor 10 is 
described below. As shown in Figure 2, the diagnostic system 116 includes the ECU 78 
and a computer 118. The ECU 78, as described above, is connected to various engine 
sensors such as, for example, but not limited to the air/fuel ratio sensor 110 and the crank 
angle sensor 104. 

[0059] The diagnostic system also includes an adapter plug 120. Conversion 
adapters are well known in the art and are used to convert a signal from the ECU 110 into 
a form readable by the computer 112. For example, the adapter plug 120 can be used to 
convert a 12 Volt signal, which is common in outboard motors, to a 5 Volt signal. 
Although the illustrated conversion adapter is separated from the ECU 78 and the 
computer 118, it should be appreciated that it can also be integrated into the ECU 73 or 
the computer 118. 

[0060] The computer 118 is preferably a personal computer with a CPU and 
supporting industry standard architecture. The computer includes a video display 122 for 
displaying data and an interface such as a keyboard for inputting data. The computer 118 
is connected to the ECU 78 and the adapter plug 120 by a standard communication cable 
124. The computer 118 can also preferably be connected to a second remote computer 
(not shown) to access data that has been retrieved and or stored on the computer 118. 

[0061] The following description includes several control routines that are 

configured to collect and/or store data that is useful for engine diagnostics. It should be 
noted that the ECU 78, which performs these control routines, can be in the form of a hard 
wired feed back control circuit that performs the control routine described below. 
Alternatively, the ECU 78 can be constructed of a dedicated processor and a memory for 
storing a computer program configured to perform the steps described above. Additionally, 
the ECU 78 can be a general-purpose computer having a general-purpose processor and the 
memory for storing a computer program for performing the steps and functions described 
above. 

[0062] With reference to Figure 3, a control routine 140 is illustrated that 

represents one operation that the diagnostic system 116 illustrated in Figure 2 can be 
configured to perform. The control routine 140 begins in operation block P300 and 
advances to a decision block P310. In decision block P310 it is determined if the engine 
speed N is greater than or equal to a reference engine speed a. The reference engine speed 
a can be an engine speed equal to 2000 RPM (revolutions per minute). 
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[0063] If it is determined in decision block P310 that the engine speed N is not 
greater than or equal to a, the control routine 140 returns to decision block P310. If, 
however, if it is determined in a decision block P310 that the engine speed N is greater than 
or equal to a, the control routine 140 advances to a decision block P320. 

[0064] In the decision block P320, it is determined if a fuel pressure F is 

greater than or equal to a predetermined minimum fuel pressure p and less than or equal to a 
predetermined maximum fuel pressure y. The predetermined minimum fuel pressure p can 
represent fuel pressure equal to 5.5 MPa. The predetermined maximum fuel pressure y can 
represent a fuel pressure of 8.5 MPa. 

[0065] Another way the control routine 140 can also determine if the fuel 

pressure is out of range is to compare the actual fuel pressure value to a predetermined 
minimum fuel pressure value instead of a range of acceptable fuel pressure values. An 
example of the predetermined minimum fuel pressure value that can be used to compare 
against the actual fuel pressure value can equal 4 MPa. 

[0066] If in decision block P320 it is determined that the fuel pressure F is 
greater than or equal to the predetermined minimum fuel pressure p and is less than or equal 
to the predetermined maximum fuel pressure y, the control routine 140 returns to decision 
block P310. If, however, in decision block P320, it is determined that the fuel pressure F is 
not greater than or equal to the predetermined minimum fuel pressure p or not less than or 
equal to the predetermined maximum fuel pressure y, the control routine 140 advances to an 
operation block P330. 

[0067] In operation block P330, the control routine 140 determines that an 
engine fault has occurred due to an out of range fuel pressure value. The control routine 
advances to an operation block P340. 

[0068] In operation block P340, the control routine 140 records the out of range 
fuel pressure fault along with the time when the out of range fuel pressure fault occurred. 
Optionally, the control routine 140 can be configured to determine and record the total 
amount of time that the fuel pressure is out of range fuel pressure. The out of range fuel 
pressure fault, the time of the fault occurrence, and optionally the total amount of time the 

v. 

out of range pressure existed, can be retrieved from the memory storage 102 through the 
diagnostic system 116, described in greater detail below. 
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[0069] Figure 4 illustrates another flowchart that represents the operation of a 
control routine 142 that can be included in the diagnostic system 116 illustrated in Figure 2. 
The control routine 142 illustrated in Figure 4 begins with operation block P400 and 
advances to decision block P410. 

[0070] In decision block P410, it is determined if the engine speed N is greater 
than or equal to an engine speed a. If in decision block P410 it is determined that the 
engine speed N is not greater than or equal to a, the control routine returns to the decision 
block P410. If, however, in decision block P410 it is determined that the engine speed N is 
greater than or equal to a, the control routine advances to decision block P420. 

[0071] In decision block P420, it is determined if the throttle valve is open. The 
throttle valve can be considered open if the throttle valve position senses a minimum throttle 
angle of 10 degrees. If in decision block P420 it is determined that the throttle valve is not 
open, the control routine 142 returns to decision block P410. If, however, in decision block 
P420 it is determined that the throttle valve is open, the control routine advances to decision 
block P430. 

[0072] In decision block P430, it is determined if the engine temperature is too 
high. If in decision block P430 it is determined that the engine temperature is not too high, 
the control routine 142 returns to decision block P410. If, however, in decision block P430 
it is determined that the engine temperature is too high, the control routine advances to 
operation block P440. 

[0073] In operation block P440, the control routine 142 establishes that an 
engine fault has occurred due to overheating. The control routine 142 then advances to 
operation block P450. 

[0074] In operation block P450, the control routine 142 records the overheating 
fault along with the time when the overheating fault occurred. The overheating fault and the 
time of the fault occurrence can be retrieved from the memory storage 102 through the 
diagnostic system 116. 

[0075] Figure 5 illustrates a flowchart that represents the operation of a control 
routine 144 of the diagnostic system 116. The control routine 144 illustrated in Figure 5, 
begins with operation block P500. The control routine 144 then advances to decision block 
P510. 
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[0076] In decision block P510, it is determined if the engine speed N is greater 
than or equal to a predetermined engine speed a. If the engine speed N is not greater than or 
equal to the predetermined engine speed a, the control routine 144 returns to decision block 
P510. If, however, in decision block P510 it is determined that the engine speed N is greater 
than or equal to the predetermined engine speed a, the control routine 144 advances to 
decision block P520. 

[0077] In decision block P520, it is determined if the current engine speed is 
greater than a previous maximum engine speed. The previous maximum engine speed can 
be the highest recorded previous engine speed. If in decision block P520, it is determined 
that the current engine speed is not greater than the previous maximum engine speed, the 
control routine 144 returns to decision block P510. If, however, in decision block P520 it is 
determined that the current engine speed is greater than the previous maximum engine 
speed, the control routine 144 advances to operation block P530. 

[0078] In operation block P530, the control routine 144 records the current 
engine speed along with the time when the new higher engine speed occurred. The current 
highest engine speed and the time of the new high engine speed occurrence can be retrieved 
from the memory storage 102 through the diagnostic system 116. 

[0079] Figure 6 illustrates another flowchart that represents an operation that the 
diagnostic system 1 16 illustrated in Figure 2 can be configured to perform. The flowchart 
146 begins with operation block P600 and advances to decision block P610. 

[0080] In decision block P610, it is determined if the engine speed N is greater 
than or equal to the predetermined engine speed a. In decision block P610, if the engine 
speed N is greater than or equal to the predetermined engine a, the control routine 146 
returns to decision block P610. If, however, in decision block P610 it is determined that the 
engine speed N is not greater than or equal to the predetermined engine speed a, the control 
routine 146 advances to decision block P620. 

[0081] In decision block P620, it is determined if the current fuel pressure is less 
than a previous lowest fuel pressure. If it is determined that the current fuel pressure is not 
less than the previous lowest fuel pressure value, the control routine 146 returns to P610. If, 
however, in decision block P620, it is determined that the current fuel pressure is less than 
the previous lowest fuel pressure value, the control routine 146 advances to operation block 
P630. 
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[0082] In operation block P630, the control routine records the current fuel 
pressure with the time when the new lowest fuel pressure occurred. The current fuel 
pressure and the time of the current fuel pressure occurrence can be retrieved from the 
memory storage 1 02 through the diagnostic system 116. 

[0083] Figure 7 illustrates another flowchart that represents an operation that the 
diagnostic system 116 illustrated in Figure 2 can be configured to perform. The flowchart 
148 illustrated in Figure 7 begins with operation block P700 where a main switch (not 
shown) is turned on. The control routine 148 advances to a decision block P710. 

[0084] In decision block P710, it is determined if the engine speed N is greater 
than or equal to the predetermined reference engine speed a. If in decision block P710 the 
engine speed N is not greater than or equal to the predetermined reference engine speed a, 
the control routine 148 returns to decision block P710. If, however, in decision block P710 
it is determined that the engine speed N is greater than or equal to the predetermined 
reference engine speed a, the control routine advances to operation block P720. 

[0085] In operation block P720, the control routine increases an over-rev 
counter by 1 . The over-rev counter is a counter that keeps track of every engine over-rev^ 
occurrence. For example, every time an engine speed rises above a predetermined 
maximum engine speed, the over-rev counter is increased by one. The control routine 148 
then advances to operation block P730 where the control routine ends and the main switch is 
turned off. 

[0086] Figure 8 illustrates another flowchart that represents an operation that the 
diagnostic system 116 illustrated in Figure 2 can be configured to perform. The control 
routine 150 in Figure 8 begins with operation block P800 and advances to decision block 
P810. 

[0087] In decision block P810, it is determined if the engine temperature is too 
high. If the engine temperature is not too high, the control routine 150 returns to decision 
block P810. If, however, in decision block P810 it is determined that the engine 
temperature is too high, the control routine advances to operation block P820. 

[0088] In operation block P820, the control routine 150 increases an engine 
overheat counter by 1 . For example, every time an engine temperature value rises above a 
predetermined engine temperature, the overheat counter is increased by one. The overheat 
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counter is a counter that keeps track of every engine overheat occurrence. The control 
routine 150 then advances to decision block P830. 

[0089] In decision block P830, it is determined if the main switch is off. If the 
main switch is not off, the control routine 150 returns to decision block P810. If, however, 
in decision block P830 the main switch is off, the control routine 150 advances an operation 
block P840 where the control routine 1 50 ends. 

[0090] Figure 9 includes a graph illustrating engine speed and fuel pressure with 
reference to total operating time. The horizontal axis of the graph represents time. The 
vertical axis of the graph represents engine speed and fuel pressure, with engine speed 
labeled on the left vertical edge of the graph, and fuel pressure labeled on the right side edge 
of the graph. 

[0091] The graph of Figure 9 also includes two plots, a first plot "S" indicates 
engine speed and the second plot "F" indicates fuel pressure. The plots S, F illustrate the 
engine speed and fuel pressure during an exemplary operation of an engine, such as the 
engine 12, thereby illustrating an exemplary relationship between engine speed and fuel 
pressure. More particularly, as described in greater detail below, the graph of Figure 9 
reflects the engine speed and fuel pressure in an engine when the fuel pressure exceeds a 
predetermined normal range of operation. 

[0092] The control routine 140 illustrated in Figure 3, can be used to identify 
and record when the fuel pressure exceeds a predetermined range. For example, using the 
control routine 140, the fuel pressure would be monitored between a predetermined engine 
speed window defined by operating times Tl and T4. 

[0093] According to the description set forth above with reference to the flow 
chart of Figure 3, fuel pressure is monitored as soon as the engine speed reaches a 
predetermined value as illustrated by the reference point 160 of Figure 9, which corresponds 
to the operating time Tl and decision block P310 (Figure 3). In this example Tl and 
reference point 160 correspond to a predetermined engine speed of 2000 RPM. After the 
engine speed has reached a value of 2000 RPM, the diagnostic system 116 begins to monitor 
the fuel pressure F. 

[0094] At a reference point 162 (Figure 9), the fuel pressure drops below a 
predetermined low fuel pressure value of 5.5 MPa. When the fuel pressure drops below a 
predetermined reference point 5.5 MPa, the diagnostic system 116 detects the out-of-range 
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fuel pressure (decision block P320 of Figure 3), determines that the out of range fuel 
pressure is a fault (operation block P330), and records a fault (operation block P340). 

[0095] The fuel pressure continues to drop and then rises to the predetermined 
minimum fuel pressure of 5.5 MP a, at point 162a. Optionally, as noted above with 
reference to Figure 3, the control routine 140 can be configured to record the total time an 
out of range fuel pressure occurs. Thus, in the illustrative engine operation of Figure 9, the 
total time recorded by the diagnostic system 116 is a time between that corresponding to 
point 162 and 162a. 

[0096] In the illustrative engine operation shown in Figure 9, the fuel pressure 
continues to rise from the point 162a to an upper predetermined fuel pressure value at 
reference point 163. In this particular example, the predetermined upper fuel pressure value 
is 8.5 MPa. Thus, with the control routine 140 continuing to operate, an out of range fuel 
pressure is detected at point 163, which corresponds to decision block P310 of Figure 3. 
The diagnostic system 116 then determines that the out of range fuel pressure is a fault 
(operation block P330), and records a fault (operation block P340). 

[0097] The fuel pressure continues to rise and then drops to the predetermined 
maximum fuel pressure of 8.5 MPa, at point 163a. Optionally, as noted above with 
reference to Figure 3, the control routine 140 can be configured to record the total time an 
out of range fuel pressure occurs. Thus, in the illustrative engine operation of Figure 9, the 
total time recorded by the diagnostic system 116 is a time between that corresponding to 
point 163 and 163 a. 

[0098] As noted above with reference to operation block P310 of the control 
routine 140, the diagnostic system 116 continues to monitor the fuel pressure until the 
engine speed drops below the predetermined engine speed 2000 RPM, represented by a 
reference point 164 at the operating time of T4 of Figure 9. 

[0099] Figure 10 illustrates another exemplary operation of an engine, such as 
the engine 12, during which the fuel pressure in the engine exceeds the predetermined range, 
the plot S representing engine speed and the plot F indicating fuel pressure. As the plots S, 
F of Figure 10 illustrate, at a reference point 170, the engine speed has reached an engine 
speed value of 2000 RPM. Thus, at the reference point 170, the diagnostic system 116 
begins monitoring the fuel pressure (decision block P310 of control routine 140). 

[0100] As shown by the portion 172 of the fuel pressure plot F, the fuel pressure 
remains steady and then drops below a predetermined fuel pressure of 4 MPa at a reference 
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point 174. 4 MPa is another example of minimum predetermined fuel pressure limit value. 
Other values other than 4 MPa can also be assigned as the predetermined fuel pressure limit 
value. 

[0101] When the fuel pressure drops below this predetermined reference point 
of 4 MPa, the diagnostic system 116 detects the out of range fuel pressure (decision block 
P320 of Figure 3), determines that the out of range fuel pressure is a fault (operation block 
P330), and records a fault (operation block P340). As noted above with reference to the 
graph of Figure 9, the control routine 140 can be configured to record the total time an out 
of range fuel pressure occurs. 

[0102] The diagnostic system stops monitoring the fuel pressure as soon as the 
engine speed drops below the predetermined engine speed of 2000 RPM which is illustrated 
by reference point 176 at a total operating time of T3. 

[0103] Figure 1 1 includes a graph illustrating engine speed and throttle position 
with reference to total operating time. The horizontal axis of the graph represents time. The 
vertical axis of the graph represents engine speed and throttle position, with engine speed 
labeled on the left vertical edge of the graph, and throttle position labeled on the right side 
edge of the graph. 

[0104] The graph of Figure 1 1 also includes two plots, a first plot "S" indicates 
engine speed and the second plot "T" indicates Throttle position. The plots S, T illustrate 
the engine speed and throttle position during an exemplary operation of an engine, such as 
the engine 12, so as to provide exemplary reference information when an overheat of the 
engine is detected. 

[0105] As noted above with reference to the control routine 142 of Figure 4, 
the diagnostic system 1 16 can be configured to monitor engine temperature only if engine 
RPM is above 2000 RPM (decision block P410) and if the throttle position is greater than 
10 degrees (decision block P420). 

[0106] At a reference time Tl, the engine speed S rises above a value of 2000 
RPM illustrated by reference point 180. The diagnostic system 116 stops monitoring 
engine temperature when the engine speed S drops below the predetermined engine speed 
2000 RPM as illustrated by reference point 182 at time T3. 

[0107] Within this reference window, between operating time Tl and 
operating time T3, the engine speed S is above the reference engine speed 2000 so the 
diagnostic system 116 monitors the position of the throttle valve T. Throughout the 
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window defined between Tl and T3, the throttle position T is above the predetermined 
throttle position of 10 degrees. 

[0108] The reference number 184, at a time T2, indicates when a temperature 
of the engine exceeds a predetermined engine temperature. Because the engine speed is 
above the predetermined engine speed 2000 and the throttle position is above 10 degrees, 
the diagnostic system 116 has reached the decision block P430 of the control routine 142, 
and thus triggers a fault code (operation block P440) and records the fault code into 
memory (operation block P450). Optionally, the control routine 142 can be configured to 
determined and record the total amount of time, perhaps a portion of the time between T2 
and T3, over which the engine temperature exceeds the predetermine engine temperature. 

[0109] Figure 12 includes a graph of engine speed with reference to total 
operating time as an illustrative engine operation. With reference also to the control 
routine 144 of Figure 5, the engine diagnostic system 116 can be configured to monitor 
engine speed and to record data indicating each time the engine speed rises above an 
earlier maximum engine speed. In accordance with the description of the control routine 
144 set forth above with reference to Figure 5, the diagnostic system can be configured to 
only monitor maximum engine speed after the engine speed has risen above a 
predetermined engine speed of 2000 RPM (decision block P510). As soon as the engine 
RPM drops below the predetermined engine speed, the diagnostic system stops 
monitoring maximum engine speed. 

[0110] At a time Tl illustrated by reference point 190, the engine speed rises 
above the predetermined engine speed of 2000 RPM. At this point, the diagnostic system 
monitors engine speed to determine if the engine rotates at an engine speed higher than 
any other previous maximum engine speed (decision block P520) illustrated by the time 
points T2, T3, T4, T5, T6, T7 and T8. 

[0111] At time T8, illustrated by reference point 192, the engine speed reaches 
a maximum engine speed which is greater than all previous maximum engine speeds, 
corresponding to the time points T2, T3, T4, T5, T6, and T7. As the engine speed drops 
below 2000 RPM illustrated by reference point 194, the diagnostic system 116 stops 
monitoring engine speed to determine the maximum engine speed. The highest maximum 
engine speed illustrated by reference point 192 is recorded into memory (operation block 
P530). 
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[0112] Figure 13 includes a graph illustrating engine speed and fuel pressure 
with reference to total operating time, during an illustrative operation of an engine, such as 
the engine 12. The horizontal axis of the graph represents time. The vertical axis of the 
graph represents engine speed S and fuel pressure F, with engine speed labeled on the left 
vertical edge of the graph, and fuel pressure labeled on the right side edge of the graph. 

[0113] With additional reference to the control routine 146 illustrated in 
Figure 6, as the engine speed rises above a predetermined engine speed, for example 2000 
RPM at a reference point 200, the diagnostic system 116 begins monitoring the fuel 
pressure (decision block P6 1 0). 

[0114] Time periods T2, T3, T4, T5, T6 and T7 indicate periods where the 
fuel pressure F has dropped below a previous lowest fuel pressure value. When the fuel 
pressure F drops below the previous lowest fuel pressure, the diagnostic system 116 
detects the new lowest fuel pressure. For example, where the diagnostic system 116 is 
running the control routine 146, the decision block P620 is used to detect the new lowest 
fuel pressure value. The diagnostic system 1 16 can also be configured to record each time 
a fuel pressure value has dropped below a previous lowest fuel pressure value (operation 
block P630). ' 

[0115] Reference point 202 at time interval T7 illustrates an example of where 
the fuel pressure has dropped to its lowest value. At this point and time, with an engine 
speed above 2000 RPM, the diagnostic system records this lowest fuel pressure value into 
memory. 

[0116] The reference point 204 illustrates a point and time where the engine 
RPM drops below the prerequisite engine RPM value of 2000 RPM. At this point the 
diagnostic system stops monitoring fuel pressure values. 

[0117] Figure 14 illustrates a graph of engine speed with reference to 
operating time during an illustrative operation of an engine, such as the engine 12. The 
engine diagnostic system 116 can be configured to monitor when the engine speed rises 
above a predetermined maximum engine speed. For example, the engine diagnostic 
system 116 can be configured to run the control routine 148, described above with 
reference to Figure 7. 

[0118] For example, at a time interval Tl, illustrated by reference point 210, 
the engine speed rises above a predetermined maximum engine speed, for example 6000 
RPM. Thus, the diagnostic system 116 detects rise above 6000 RPM (decision block 
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P710). The diagnostic system 116 then records this time value Tl into memory 
(operation block P720). 

[0119] At an operating time T2 illustrated by reference point 212, again the 
diagnostic system records an engine RPM that that is above the maximum predetermined 
engine RPM of 6000. Similarly, operating times T4 and T5 illustrated by reference points 
214 and 216, respectively, are additional points where the engine speed has risen above 
the predetermined maximum engine RPM of 6000. Each time the engine speed rises 
above the predetermined maximum engine speed of 6000 RPM, the diagnostic system 116 
records these over-rev occurrences along with their time occurrences in memory. 

[0120] Figure 15 includes a graph illustrating engine speed and throttle position 
with reference to total operating time. The horizontal axis of the graph represents time. The 
vertical axis of the graph represents engine speed and throttle position, with engine speed 
labeled on the left vertical edge of the graph, and throttle position labeled on the right side 
edge of the graph. 

[0121] The graph of Figure 15 also includes three plots, a first plot "S" indicates 
engine speed, the second plot "T" indicates throttle position, and the third plot "TS" 
indicates the output signal of a thermal switch having an off value and an on value. The 
plots S, T, TS illustrate the engine speed, throttle position, and thermo switch output signal 
during an exemplary operation of an engine, such as the engine 12, so as to provide 
exemplary reference information when an overheat of the engine is detected 

[0122] The graph illustrated in Figure 15, in light of the description of the 
control routine 150 of Figure 8, illustrates how the diagnostic system 116 can be 
configured to record into memory the times at which thermal switch 112 is switched on 
and off. According to the graph between the operating periods TO and T5, the thermal 
switch TS has switched on and off twice. 

[0123] A first occurrence of the thermal switch switching on happens at a time 
point Tl . The thermal switch TS switches off at the time point T2. This accounts for one 
overheating occurrence illustrated by reference number 220. A second overheating 
occurrence indicated by reference number 222 occurs when the thermal is switched on at 
the time point T3 and switches off at the time point T4. Therefore, during the first drive 
period between TO and T5, the diagnostic system recorded into memory that the engine 
overheated twice at points 220 and 222. 
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[0124] A second drive period beginning at total operating time T5 and ending 
at total operating time T8 also includes a third overheat occurrence 224. The overheat 
condition begins at total operating time T6 when the thermal switch TS is switched on. 
The overheat occurrence ends when the thermal switch TS is switched off at total 
operating time T7. Therefore, during the second drive period between time periods T5 
and T8, the engine overheated once. 

[0125] Figure 16 is a schematic illustration of a table that the diagnostic 
system 1 16 can be configured to display on the computer display 122. The table includes 
various engine parameters and their corresponding units. The table of Figure 16 allows 
for easy determination of various engine parameters. 

[0126] For example, an engine rotational value can be displayed on the screen 
along with the proper unit in RPM. Another example can be ignition timing value with 
the proper unit in degrees. Different background colors and different fonts can 
differentiate normal or desired engine operating values from fault codes and engine data 
that indicates a fault or represents an out of range engine parameter values. Other formats 
representing various engine parameters values and corresponding unit names are also 
possible. The use of different formats, different colors, and different font allows the users 
to more easily recognize normal engine parameter values and engine faults allowing 
improved diagnosis of engine parameter faults. 

[0127] Figure 17 is a schematic illustration of another example of a table that 
the diagnostic system 1 16 can be configured to display on the computer display 122. The 
table illustrates that the maximum engine speed and the minimum fuel pressure values 
along with their corresponding occurrence times can be displayed. The number of over- 
rev conditions as well as the number of times the engine overheated can also be displayed. 
The total operating time of the engine can also be measured, recorded and displayed. 

[0128] Figure 18 is a schematic illustration of an editing menu that the 
diagnostic system 116 can be configured to display on the computer display 122. The 
editing menu can be configured to display information in various languages. 
Additionally, the editing menu can be configured to display diagnostic system fault 
nomenclature options, and a data input section. 

[0129] Data is displayed in English in column 230 and can be translated into 
various other languages and displayed in column 232. The diagnostic system 1 16 can be 
configured to allow the person editing the software to dictate the number of characters 
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used to name the various engine parameters and faults in column 234. Another column 
236 can be configured to display version information corresponding to individual 
databases used. Display box 238 in the illustrated embodiment, is configured to allow for 
input of editing values of the database. 

[0130] It should be noted that for purposes of summarizing the invention and the 
advantages achieved over the prior art, certain objects and advantages of the invention have 
been described herein above. Of course, it is to be understood that not necessarily all such 
objects or advantages may be achieved in accordance with any particular embodiment of the 
invention. Thus, for example, those skilled in the art will recognize that the invention may 
be embodied or carried out in a manner that achieves or optimizes one advantage or group 
of advantages as taught herein without necessarily achieving other objects or advantages as 
maybe taught or suggested herein. 

[0131] Moreover, although this invention has been disclosed in the context of 
certain preferred embodiments and examples, it will be understood by those skilled in the 
art that the present invention extends beyond the specifically disclosed embodiments to 
other alternative embodiments and/or uses of the invention and obvious modifications and 
equivalents thereof. Thus, it is intended that the scope of the present invention herein 
disclosed should not be limited by the particular disclosed embodiments described above, 
but should be determined only by a fair reading of the claims that follow. 
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